Several species of the Vitex genus, family Lamiaceae, are used in folk medicine for a variety of remedies. V. glabrata is unique among Vitex species because its main effect is sexual enhancement. However, crude drugs derived from different Vitex species might not be easily distinguishable, which could lead to their misidentification and misuse. Therefore, the accurate authentication of V. glabrata is critical for its effective medicinal use. In this study, the matK gene and the psbA-trnH intergenic spacer candidate DNA barcodes were sequenced and analyzed to identify five different Vitex species that are medicinally used in Thailand: V. negundo, V. trifolia, V. rotundifolia, V. limonifolia, and V. glabrata. Each region was successfully amplified from the leaves of the five species using a single set of primers, and the sequences determined. The size difference in PCR products of psbA-trnH and PCR restriction fragment length polymorphism (PCR-RFLP) of the matK gene sequences were used to differentiate V. glabrata from other Vitex species. These results indicate both the matK gene and the psbA-trnH intergenic spacer as candidate DNA barcodes of Vitex species and suggest that the difference of psbA-trnH PCR products and PCR-RFLP analysis based on the matK gene are effective for the authentication of V. glabrata.
The Vitex genus, family Lamiaceae, includes approximately 270 known species of trees and shrubs [1] . In Thailand, there are 16 identified species [2] , several of which are used medicinally. Five therapeutic Vitex species generally found in Thailand are V. negundo, V. trifolia, V. rotundifolia, V. limonifolia, and V. glabrata. These species have different medicinal uses [3] [4] [5] [6] [7] . The fruits and leaves of V. negundo have been used for the treatment of the common cold, flu, coughing, vomiting, and malaria [3] . V. trifolia leaves are used to alleviate severe headaches and fever [4] . The branches of V. glabrata and the aerial parts of V. trifolia have shown inhibitory effects against HIV type I reverse transcriptase [5] . The extracts from the dried subterranean portion of V. rotundifolia have been used in folk medicine for curing colds and other types of inflammation [6] . Additionally, V. limonifolia extracts exhibit appetite suppression, antitumor, and antifungal effects [7] . Among the Vitex species used in traditional medicines in Thailand, V. glabrata is the most popular and unique because of its medicinal use as a sexual enhancer due to its high 20hydroxyecdysone content [8] .
Several species that are currently recognised within the Vitex genus do not exhibit a distinguishable morphology, resulting in confusion during identification. Crude drugs from these Vitex species are similar, although the medicinal application of V. glabrata is different from that of the other species. Thus, the proper identification of these species is essential for effective medicinal practice. General approaches were used in herb identification including morphological [9] , anatomical [10, 11] and chemical techniques [12] , which have different advantages and disadvantages. To overcome the limitations of these plant identification methods, molecular genetic methods have been applied during the last decade to identify medicinal plants at the DNA level [13] [14] [15] [16] [17] [18] . Using these molecular approaches, the efficacy of the authentication is not affected by either the age of the plants or environmental conditions. Moreover, DNA-based techniques require little material for analysis, and even crude drugs or powdered plant materials can be effectively tested. Among the molecular identification methods, DNA barcoding is a good method that has been proposed for plant identification through comparison of DNA sequences.
In this study, recommended candidate regions of Vitex species were used for DNA barcoding, including the matK gene and the psbA-trnH intergenic spacer [19] . In addition, the size of psbA-trnH PCR products and PCR restriction fragment length polymorphism (PCR-RFLP) of the matK gene were used to rapidly and reliably authenticate V. glabrata.
The plant samples of five different medicinal species in the Vitex genus were collected from various habitats in Thailand, and the nucleotide sequences of the matK gene and the psbA-trnH intergenic spacer were determined ( Table 1 ). Chloroplast DNA barcodes were chosen for authentication because they are maternally inherited and are highly conserved [20] . This is the first study in which the complete sequences of the matK gene and the psbA-trnH intergenic spacer were determined for Vitex species. The complete sequences of the matK gene and the psbA-trnH intergenic spacer of each Vitex species, which were the selected DNA barcoding regions, were obtained. The accession numbers of the submitted sequences are listed in GenBank (Table  1 ). Both the matK gene and the psbA-trnH region were amplified using PCR with genomic DNA as the template. These PCR products were used for sequence determination. The matK and psbA-trnH intergenic spacer sequences of all five species ranged from 1,530 to 1,539 bp and 376 to 498 bp, respectively. From these sequences, the matK coding sequence is conserved among species, and the amplified fragments are very similar both in the size and sequence. Thus, it is difficult to use the size of matK PCR product to differentiate these Vitex species. However, the psbA-trnH spacer showed apparent differences both in the sizes and sequences. This non-coding region is not necessary to be conserved among species. The differences in size of a short fragment of the psbA-trnH region can be efficiently used to preliminary discriminate V. glabata from other species (Figure 1) .
For the matK genes, thirty-six sites of nucleotide substitutions and one indel at position 758-766 were found in the sequences of the matK genes from the five Vitex species (Table 2) . After the matK genes analysis, the PCR-RFLP method was used to identify V. glabrata. The polymorphisms in the partial matK region amplified for RFLP analysis are shown ( Figure 2 ). The partial matK PCR product was amplified using primers Vt-1110-matK-F (5' TCCTCTGAGTGCGTCATTGG 3') and Vt-1516-matK-R (5' TGTGATTCGCCAGATCATTG 3'). The restriction enzymes HindIII and AgeI, which recognise the sequences 5' AAGCTT 3' and 5' ACCGGT 3', respectively, produced diagnostic fragments for V. glabrata. The unique AgeI and HindIII restriction sites in the partial V. glabrata matK region are labelled ( Figure 2 ). The digestion of amplified V. glabrata DNA with HindIII resulted in two fragments of 324 and 83 bp, whereas only one undigested fragment of 407 bp was observed when DNA from the other Vitex species was subjected to this process ( Figure 3A ). In addition, the digestion of the PCR products with AgeI resulted in two fragments of 305 and 102 bp in V. glabrata, whereas only a single undigested fragment of 407 bp was observed in the other Vitex species ( Figure  3B ).
The partial matK gene PCR product of V. glabrata includes unique AgeI and HindIII restriction sites, whereas the other Vitex species do not exhibit these restriction sites in this region. The result presented in Figure 3 confirms that the PCR-RFLP technique can distinguish V. glabrata from other plants in the Vitex genus. The PCR product of V. glabrata was clearly digested with AgeI and HindIII, whereas the products from the other species were not.
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PCR amplification:
The PCR amplifications of the matK gene and the psbA-trnH intergenic spacer were performed using 10 -100 ng of total DNA as a template in a 50 µL reaction mixture containing 10 mM Tris-HCl (pH 9.0), 50 mM KCl, 0.1% Triton X-100, 1.5 mM MgCl 2 , 0.2 mM of each dNTP, 0.25 mM of each primer and 1.5 U of Taq Polymerase (Promega, USA). Primers flanking the psbA-trnH intergenic spacer [21] , primers trnH-psbA-F (5' ACTGCCTTGATCCACTTGGC 3') and of trnH-psbA-R (5' CGAAGCTCCATCTACAAATGG 3') were used for amplification ( Figure 4) , The full length matK gene was amplified using primers matKF (5' TGTCCCCGAGGTATCTATTCTTAC 3') and matKR (5' CATTGCACACGGCTTTCCCTA 3'). The PCR amplifications were performed using a Thermal Controller PTC100 (MJ Research Inc., USA) under the following cycling conditions: a hot start at 95ºC for 3 min; 35 cycles of 95ºC for 40 sec, 45ºC for 40 sec and 72ºC for 4 min; and a final extension at 72ºC for 10 min. A 1/10 volume of the resulting PCR products was analyzed using 1.0% agarose gel electrophoresis and visualized using ethidium bromide staining. The product was purified using a QIAquick PCR purification kit (Qiagen, Germany).
Sequencing analysis:
The sequencing reactions of the purified PCR products were performed using the Dye Deoxy Terminator cycle sequencing kit (Applied Biosystems, USA) and purified using an AutoSq TM G-50 (Amersham Biosciences, UK). The sequencing products were separated and analyzed using an automated DNA sequencer (ABI Prism 3100-Avant Genetic Analyser, Applied Biosystems, USA).
PCR-RFLP analysis:
The PCR amplifications were performed with the Vt-1110-matK-F and Vt-1516-matK-R primers using a Thermal Controller PTC100 (MJ Research Inc., USA) under the following cycling conditions: hot start at 95ºC for 3 min; 35 cycles of 95ºC for 40 sec, 45ºC for 40 sec and 72ºC for 4 min; and a final extension of 72ºC for 10 min. The amplified 407 bp matK gene products were digested with 5 units of HindIII or AgeI (New England Biolabs, USA) at 37ºC for 3 h, separated using 2% agarose gel electrophoresis and visualized using ethidium bromide staining under UV light.
